Two field experiments were carried out at Ismailia Agricultural Experiments and Research Station, A.R.C., El-Ismailia Governorate, Egypt, during growing seasons 2015 and 2016, respectively. In both seasons, the experiment was conducted using the split plot design in randomized complete block design with three replicates to study the effect of P fertilizer and plant density on pods and oil yields, as well as, net return. Three phosphorus (P) fertilizer rates (30, 45 and 60 kg P 2 O 5 per fed) and three peanut plant densities (70, 105 and 140 thousand plants per fed) were tested. A split plot design replicated thrice was used. The results showed that increasing rate of P fertilizer from 30 up to 60 kg P 2 O 5 per feddan increased significantly all the studied peanut traits except seed oil content. Decreasing peanut plant density from 140 to 70 thousand plants per feddan increased significantly numbers and weights of pods and seeds per plant, shelling and seed oil content mean, while the reverse was true for plant height in the two successive seasons. Peanut plant density of 105 thousand plants per feddan achieved the highest pods and oil yields per feddan compared with the other plant densities. Interaction between 60 kg P 2 O 5 per feddan and 105 thousand plants per feddan increased significantly the most studied traits of peanut. Application of 60 kg P 2 O 5 /fed combined with 105 thousand plants per feddan achieved high pods, oil yields and net return.
Introduction
Vegetable oils are consumed in different forms, these are liquid, hydrogenated, artificial ghee or frozen at room temperature. It is worth noting that oil and protein play extremely important roles in the normal function of all living systems. However, production of edible vegetable oils still suffers some problems in Egypt; the local oil production covers 10% only of the total requirement (FAO, 2016) . Moreover, it is expected to rise in import bill of oil crops in coming years due to increase in population and lack of production, in addition to increase support for food commodities through ration cards and volatility in cultivated areas of oil crops and net revenue from them. Accordingly, it is not feasible to augment the acreage of these crops in the Nile Valley and Delta due to high competition of the other strategic field crops such as wheat, maize and rice. Great efforts must be directed toward the improvement of oil crops resources to fill the oil gap between production and consumption especially outside the Nile Valley and Delta.
However, unsuitable soil conditions for the plant development generally arise from the lack of organic contents in these soils. A sandy soil requires proper management to offer optimum productivity of crops. Fortunately, peanut (Arachis hypogaea L.) is the most suitable crop for these soils conditions. Developing countries constitute 97% of the global area and 94% of the global production of this crop (Ahmad et al., 2002) . Oil content in seeds of this crop ranges between 48 and 52% (Khalil, 2010) . Also, peanut has high protein, fatty acid, carbohydrates, vitamins and minerals contents (Gulluoglu, 2011) . However, peanut cultivated area reached about 96 thousand fed in new lands (Bulletin of Statistical Cost Production and Net Return, 2016) .
It was necessary to find a modern agricultural technical practice to increase peanut productivity per unit area during the summer season. Increase productivity of peanut, fertilizer management with plant density per unit area should be considered under sandy soil conditions. Certainly, as the number of plants per unit area increased, competition for growth resources such as nutrients, water and light also increased. A legume such as peanut is nitrogen fixers, and thereby phosphorus (P) is considered as a limiting factor in plant nutrition due to the deficiency of available phosphate in the soil (Uma Maheswar and Sathiyavani, 2012) . In this concern, Kabir et al. (2013) reported that P is the second major essential nutrient element for crop growth and good quality yield, the most obvious effect of P is on the plant root system. Consequently, the level of P and the time of application are considered as two of the most important factors affect-ing crop growth and yield of peanut (Mohammed and Ismail, 2016) .
On the other hand, the response of peanut to plant density has been investigated in many areas of the world. One way of increasing productivity and improving sustainability is through the use of improved cultural practices like placement of appropriate crop density. When the plant population density falls below the optimum level all inputs of production fail to produce any appreciable effect on yield. Different peanut varieties need specific agronomic and cultural practices to express their best potential in determining the yield responses to plant density. Sometimes, increasing plant density of peanut per unit area may have indefinite effect on productivity of the crop. Decreasing plant density increased yield per unit area (Wrihgt and Bell, 1992) . However, Papastylianou (1995) showed that peanut yield was unaffected by further increasing plant density per unit area. Conversely, several researchers have reported that peanut pod yield was higher in high plant density than grown in low plant density (Lanier et al., 2004; Sorensen et al., 2005; Ahmad et al., 2007; Rasekh et al., 2010 and Konlan et al., 2013) . The present study was therefore conducted to increase pods and oil yields, as well as, net return.
Material and Methods
Two field experiments were carried out at Ismailia Agricultural Experiments and Research Station, A.R.C., Ismailia Governorate (Lat. 30° 35' 30" N, Long. 32° 14' 50" E, 10 m a.s.l.), Egypt during growing seasons 2015 and 2016 summer seasons. Mechanical and chemical analyses of the soil (0 -60 cm) were done by Water, Soil and Environment Research Institute labs, ARC (Table  1 ). The experimental soil (0-60 cm) had 11.66 percent clay, 2.28 percent silt and 86.06 percent sand (loamy sand texture). Mechanical and chemical analyses of the soil were determined using the methods described by Jackson (1958) and Chapman and Pratt (1961) . The treatments were combinations of three phosphorus (P) fertilizer rates (30, 45 and 60 kg P 2 O 5 /fed) and three peanut plant densities (70, 105 and 140 thousand plants per fed). Peanut cultivar Ismailia 1 ' semierect' was used and it sown on May 22 nd and 29 th at 2015 and 2016 seasons, respectively. Sprinkler irrigation was the irrigation system in this area. Phosphorus fertilizer, as calcium superphosphate (15.5% P 2 O 5 ) with the rate of 30, 45 and 60 kg P 2 O 5 /fed and potassium sulfate (48.0 % K 2 O) with the rate of 50 kg per fed were added during the seed bed preparation. Calcium sulfate at rate of 500 kg per fed was applied for peanut after 35-40 days from peanut sowing. Nitrogen fertilizer was added at a rate of 35 kg N / fed as ammonium sulfate (20.6%N) in two equal portions, the first half at sowing and the second after 30 days later.
In the two seasons, peanut seeds were inoculated by Bradyrhizobium before planting it. Normal practices for growing the crop were used as recommended in the area. Plant density of peanut was 70, 105 and 140 thousand plants/fed, respectively, as follows: -70000 plants /fed: Growing two rows of peanut in beds 120 cm width and thinning to two plants per hill at 20 cm. -105000 plants /fed: Growing four rows of peanut in beds 120 cm width and thinning to two plants per hill at 20 cm for outer rows and one plant per hill at 20 cm for inner rows. -140000 plants /fed: Growing four rows of peanut in beds 120 cm width and thinning to two plants per hill at 20 cm. Randomized complete block design (RCBD) using split plot arrangement with three replications. Phosphorus fertilizer rates were randomly assigned to the main plots and peanut plant density was allocated in subplots. The area of plot was 28.8 m 2 , it consisted of 8 beds, and each bed was 3.0 m in length and 1.2 m in width.
At harvest, the following traits were measured on ten guarded plants from each sub plot: Plant height (cm), numbers of pods and seed per plant, pod and seed weights per plant (g).
Pod yield ard/fed (one ardab = 75 kg of pods) was recorded on the basis of experimental plot area by harvesting all plants of each sub plot. Fifty grams seed samples were grinded into fine powder and stored in brown glass bottles for oil seed content according to the method described by A.O. A.C. (1990) . Oil yield/fed (kg) = Seed oil content (%) x Seed yield/fed (kg)
Financial return was calculated as follows:
-Total return = pods yield (ardab/fed) x peanut price (L.E./ardab).
-Net return = total return -total costs according to P fertilizer rate and peanut plant density.
Prices of main products are that of 2015: L.E. 681 for ardab of peanut; total costs: L.E. 4638 per fed, recommended P fertilizer rate: L.E. 160 per fed (Bulletin of Statistical Cost Production and Net Return, 2016).
Analysis of variance of the obtained results for each season was performed. The measured variables were analyzed by ANOVA using MSTATC statistical package (Freed, 1991) . Mean comparisons were performed using the least significant differences (L.S.D) test with a significance level of 5% (Gomez and Gomez, 1984) .
Results and Discussion Effect of P fertilizer rates
In general, P fertilizer rates were significantly affected of plant height, number, weight of pods and seeds per plant, pods yield per fed, shelling % as well as oil yield/fed in the two growing seasons, whereas seed oil content was not affected significantly (Tables 2, 3 However, plant height and shelling % was increased by 7.06 and 5.86 % in the first season and 13.16 and 5.65 % in the second season, respectively, by increasing P fertilizer rates from 30 to 60 kg P 2 O 5 /fed. These results reveal that plant height and the efficiency of pod filling have been affected more negatively or positively by different rates of P fertilizer compared to other attributes under sandy soil conditions. It is known that the early vegetative growth stage is mainly concerned with mainstem elongation and leaf production, whereas the formation of lateral branches dominates later growth (Prasad et al., 2009) . The correlation coefficient for seed weight per plant was highly significant and positive with plant height (Chijioke et al., 2010) .
Furthermore, increasing P fertilizer rates from 30 to 60 kg P 2 O 5 /fed increased number of pods and seed per plant, weights of pods and seeds per plant, pods and oil yields per fed by 12. 78, 9.95, 23.02, 17.07, 12.17 and 19 .02% in the first season and 38.37, 48.71, 19 .02 and 30.65% in the second one, respectively. These results could be due to the highest P fertilizer rate had a vital effect on nodule formation and fixation of atmospheric nitrogen (Brady and Well, 2002) by activation of metabolic processes of the plant tissues and building phospholipids and nucleic acid (Kabir et al., 2013) . Accordingly, it is likely to say that application of 60 kg P 2 O 5 /fed developing a more extensive root system which had a good phonological development of peanut that enabling peanut plant to extract water and nutrients from more depth due to efficient utilization of P by the plants. Consequently, it was expected that application of the lowest of p fertilizer rate would be decreased dry matter accu-mulation in leaves and thereby low photosynthates translocated from leaves to seeds during seed filling period compared with the other P fertilizer rates.
These results show that application of 60 kg P 2 O 5 /fed enhanced the plant potential of peanut to produce more assimilates which reflected on high biomass under sandy soil conditions. These findings are confirmed with those obtained by Solaiman et al. (1991) who found that additional P application could increase the plant growth. Also, Subrahmaniyan et al. (2000) reported that proper fertilizer doses of P have vital effect on the yield of peanut.
Effect of peanut plant density
Plant height, number and weight of pods and seed per plant, pods yield per fed, shelling %, seed oil content and oil yield/fed were affected significantly by peanut plant density in the two successive seasons (Tables 2,  3 and 4). Increasing peanut plant density per unit area from 70 to 105 thousand plants increased significantly (P ≤ 0.05) plant height by 15.96 and 16.11 % in the first and second seasons, respectively. Also, increasing peanut plant density from 105 to 140 thousand plants per fed increased significantly plant height by 30.30 and 24.08% in the first and second seasons, respectively. These results may be due to peanut plant of the highest plant density suffered from mutual shading than that of the lowest plant density. Mutual shading is known to increase the proportion of invisible radiation, which has a specific elongating effect upon plants (Chang, 1974) . Thus, it is expected that plant density of 105 thousand plants per fed led to acclimation of peanut plant to light intensity and translated into alteration of plant height growth rate for helping the plant to reach enough light under sandy soil conditions. Increasing plant density from 70 to 105 thousand plants per fed had no significant influence (P > 0.05) on number of pods and seeds per plant, as well as, seed yield per plant in the first season, but an increase from 105 to 140 thousand per fed decreased significantly (P ≤ 0.05) numbers of pods and seeds per plant, as well as, seed yield per plant by 26.21, 37.94 and 51.01% in the first season and 34.55, 38.21 and 51.30 % in the second one, respectively. These results might be attributed to plant density of 105 thousand plants per fed furnished better environmental growth resources which led to peanut benefited efficiently the available growth resources compared with the other plant densities. Increasing the plant density lead to increase in dry pod yield per ha until the optimum plant density (Gabisa et al., 2017) .
The highest shelling of 69.55% in the first season and 70.55% in the second season were recorded with the recommended plant density of 70 thousand plants per fed meanwhile the lowest shelling percentage (66.88%) in the first season and (67.44%) in the second season were recorded at the highest plant density of 140 thousand plants per fed (Table  4 ). This might be due to difference in efficient partitioning of assimilates into the seed rather than the pod in the recommended plant density and more luxurious growth in the highest plant density favored more pod formation than seed yield.
Conversely, increasing peanut plant density per unit area from 105 to 140 thousand plants decreased seed oil content by 2.89 and 0.45 % in the first and second seasons, respectively. In this concern, Onat et al. (2017) demonstrated that the oil content was decreased when the plant space was reduced. It is important to mention that seed oil content had the same response to increase in peanut plant density from 70 to 105 thousand plants per fed which indicating some degree of resource complimentarily under sandy soil conditions. It is important to accommodate the most appropriate number of plants per unit area to obtain better yield. Although pods and seed yields per plant were decreased by increasing plant density of peanut over 50% of the recommended plant density, but number of plants per unit area compensated this reduction in the economic yield by 28.30 % in the first season and 30.19 % in the second season. In other words, as the peanut plant density increased, yield per plant decreased. Greater yield per plant of the recommended plant density did not compensate for the contribution of yield made by more plants of the highest density.
Interaction between P fertilizer rates and peanut plant density
Plant height, number and weight of pods and seeds per plant, pods yield per fed, seed oil content and oil yield/fed were affected significantly by P fertilizer rates x peanut plant density in the two successive seasons except number of pods per plant in the first season and shelling% in the two seasons (Tables 2, 3 and 4) . Application of 60 kg P 2 O 5 with plant density of 70 thousand plants per fed had the highest mean values of number and weight of pods, shelling% and seed oil content, meanwhile application of 60 kg P 2 O 5 with plant density of 105 thousand plants per fed achieved the highest seed yield per plant, pod and oil yields per fed compared to the other treatments. However, application of 60 kg P 2 O 5 with plant density of 140 thousand plants per fed produced the tallest plants compared to the other treatments. Moreover, the highest plant density of peanut per unit area interacted negatively with application of 30 or 45 kg P 2 O 5 and decreased oil yield per fed. In this concern, Babu et al. (1984) showed that interaction of fertilizers and plant density increased the pod yield of groundnut. These results could be due to application of 60 kg P 2 O 5 interacted positively with the medium plant density of peanut and caused better environmental conditions for peanut growth and development as compared with the other treatments. It is known that limited plant-available P is associated with a more horizontal root angle in bean, placing roots in surface soil where P can accumulate because it is highly immobile (Bonser et al., 1996) . The productivity of groundnut depends on proper selection of variety, fertilizer management and other management practices (Lourduraj, 1999) . These data show that each of these two factors act dependently (P ≤ 0.05) on plant height, numbers and weights of pods and seeds per plant, pods yield per fed, seed oil content and oil yield/fed.
Financial return
The financial return is shown in (Table 5 ) and Figure 1 . Application of 60 kg P 2 O 5 /fed with plant density of 105000 plants/fed increased total return by 43.55 and 62.25 % in the first and second seasons, respectively, compared to those by application of 30 kg P 2 O 5 /fed with plant density of 70000 plants/fed. Also, application of 60 kg P 2 O 5 /fed with plant density of 105000 plants/fed increased net re-turn by 67.05 and 103.19% in the first and second seasons, respectively, compared to those by application of 30 kg P 2 O 5 /fed with plant density of 70000 plants/fed. It is observed that application of 60 kg P 2 O 5 /fed with plant density of 105000 plants/fed recorded the highest net return in comparison with those of application of 30 kg P 2 O 5 /fed with plant density of 70000 plants/fed. These results reveal that application of 60 kg P 2 O 5 /fed with plant density of 105000 plants/fed is more profitable to farmers than application of recommended P fertilizer rate with recommended peanut plant density under sandy soil conditions. These findings are parallel with those obtained by Basak et al. (1995) who found that the closest spacing gave the highest gross return and return above variable cost. Also, Ajeigbe et al. (2016) showed that cultivation of peanut at high density with phosphorus application will make groundnut production a more profitable venture in Sudan Savanna zone of Nigeria. Moreover, Haldera et al. (2017) indicated that using 30-50 kg P 2 O 5 per ha for peanut during the summer season is profitable.
Conclusion
It can be concluded that productivity and profitability of peanut could be increased by increasing its plant density to 50.0% over recommended density of 70 thousand plants/fed; this increase requires doubling P fertilizer rate of the recommended rate during soil preparation. 
